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USE OF PROTEIN OPRF FOR BACTERIAL CELL SURFACE EXPRESSION OF OUGOPEPTIDES 

5 

TyrBODUCnON 

10 Tiiehnieil Fietd 

This inventi<» fdotes to a recombinant expression system for cell suffice 
presentation of proteins and methods for its preparation and use. The method is exemplified 
by use of the protein OprF as a recombinant expression system for peptide antigens. 

IS ft urlffrmind 

Fusion of recombinant prtMeins to outer membiue proteins for suiftoe 
presentatioa or Insertioa into ceU-suxftce exposed sites of integral or outer membcase 
proteins has been reported. Several peptides, for example, have been Inserted into loops on 
the jurfece of LamB, PhoA and OmpA. Some of the limiting llKton of these systems 

20 include the generally small size of acceptable inserts and that these systems have not been 
proven to be tiansfeixable to giani-negativebactBiu other than £ a>ff, and that the protein 
carriers are not known stimulaton of the immune system. In addition, only a Umiied variety 
of insertion sites are available for these protrins, ind epitope fusions can be performed only 
with a limited number of proteins using epitopes for which the comsponding DNA sequence 

25 is known. 

The basic technology mvotves insertion of ol iy m ucleotides, encoding peptide 
epitopes of interest, within the gene sequence for a sttr£we or excreted protein such that the 
peptide of interest U expressed at the soffrce of the bacterial ceU. often fMang t^ 
enviroooniL Altenutivdy, one can append larger polypepdda, usually by foslng specific 

30 lestrictioa foments encoding these pdypeptides to the amino terminal-encod^ 

the gene for dte extraodlulariy targded lootein. Hie former meduMl, qatope insertion 
mBtagffflB Pf , has bc fo perfocmed widi outer membrane pnrteiiis LamB and FhoB, and to a 
limited extent widi OmpA and TbT. In addition, the genes for leveiBl appendages have 
been sulqeeted to epitope InsertiM mutagenesis indoding dtose for flagen^ 

33 5. OpWmitfiHm, and ty,vy 1, type 4, K88 and P fimbriae. Epitope ftslon has been 
investigated to a Umittd exiait for IgA protease, pull ul a n at c, coUdn A and OmpA. 
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2. 

For many of the above proteins used in tfixopc Insertion experineats. ii is 
not pociible to utilize epitope Aidon muttgeoesis without interfering with syaihetis and 
export of the protein. This is unfortunate and a great disadvantage of the LunB and PhoE 
systenu, which have been the best developed, since this Umits the versatility of the system 

5 tmij f UT^aii y ri» tiM>»imal «i«e of peptide that can be expressed, to about 60 amino adds 
dq)ending on the specific tnseition site in contia^ to q;ntope fusioo expeiinients permitting 
sui&oe expression of 300 or more amino adds. 

It would be ot interest to develop an expression system that can be 
tiansftmned to virtually any gram^negative bactetia and which may be used to eqness both 

10 large and small proteins with a carrier sequence Oat has the ability to noit'i p eti fi call y 
stimulate the Immune system and itsdf has vaodne potential. 



RelBvmt litmtTO 

The ex^Hcsson of foreign polyp^tides on the suffue of E. coU recently has 
15 btm rr-ifTTil in 't "'^■■^f , ^'^^ 0» Btohn am\ 34:77-105 and mart of 
the pertinent lefeiences in this area are included theidn. Faientt related to epitope insertion 
mutagenesis inehide W088di873. EP3$5737, WO89i!0697. U.S. 478)^. EP146416 and 
WO8S0^. Refoiences relating to the liunB and PhoE systems for epitope e£fiisi^ 
mutagenesb indude Chixbit, a aL Qoot i^W 70:181-189 and Koniacker and Pugsley 
20 Uiti^ar Memhio/ofv f 1990^ 3:1101-1109. Applicationa rdating to the use of OmpA for 
epitope iuertioa and qittope ftirioo mutagenesis taidnde Freudl Cgne. (1990) 8:229-236 and 
Schorr. A iL V^"? (1991) 9:575-681. A peptidoglycan associated ptotein (PAL) has been 
used to target recombinant aiotibodiea to the wrfooe of fi. ooff. See Fuchs, a iLi Bbfe 

I^shDfllQgX 0991) 9:1369-1372. 
25 Each of the systems described fat the references above involve £ co/fprotdns 

and genes diat have not been transfiefred to bacteria other than & cob*. Knowing dw 

lequeoces of these proteins and the penniasive tfitopt inwtion and Anion site do not permit 

one to pndid the loGiition of such sites in OprF ileoe the ptoieia sequences that art 

peindsslve for epitope Insertion have no significant similarity to OptP (Duchene. a aL 

30 (i f^n t { fit^'MA^ (1988) 170:155-162.) Further, the choice of sitaa in which epitopes 

can be inaened b limited; in some cases c{4tope ftision tither cannot be perfnmed or U 

nstrieted to a ringle dte In the protein. Ibis observation couhl be probiematiB with some 

antigenic pepddes tioce it has be«t shown in several studies (lae, fiv example. Van Der 
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Werf d al. V/^v^ (1990) 8:269*277; Goodmao^maitkoff al. Ygeaac (1990) 8:237*262; 
A|teibef| A flt. SkM (1990) 88:37-4S; Agtcrburg 0 it. YBCdM (1990 8:85-91) that the 
ndghboxing ^'^^^^ of an antigenic pqytide aie important for maximal immuAOseoidty 
(IXm maximal antibody producdoo). A UfflltatioA in q»itope fUsion matageaesii, in tiie 
5 cases that It has t>een perfonned, has been diat (me must strictly maintain the sequence of 
triplet codons Ci*e. die leadiqg frame) so dui the fiised sequences an In Ute same reading 
frame. TUs has limited the q)plication of this mtthod to f^oo with qntopes to which the 
oooq)iete DNA sequence is known and even dten usually requires considetable manipulation 
10 orient the reading firame of the DNA seqnence encoding the p^ide epitope witt the DNA 

10 sequence encoding the outer membrane protein. 

:^topea fipom foot and mouth disease virus (FMD V) VP 1 [notdn , 
myobacterial h^ (T cell qritope), pcdiovinis C3 qdtope, hepatitis B preS2A and prQS2B 
peptides, HIV gpl20 protein, C. tmchamatis MOMP. growth hormone releasing Actor, 
^lactamase, Ptasmodlum Jiddparum (die malaria parasite), Uycobcmrim kpm 65 kDa 

15 protein and cholera toxin B-subunit (e.g. Charbit at aL» (1988) asa; Agterberg a aL» 
Vacdne tmOi 8:43»440: van der Wcrf ct aL> 0990) aum have been tested. Several 
authors have demonstrated the abiiiQr of purifl^ proteins with inserted qritopes to dicit a B 
and/or T cell response. A Pho&I^V hybrid was shown to procea guinea pigs gainst 
ftxrt and mouth disease; Agterberg tfaL (1990) wo^ ^ oeutraliring andbody hu been 

20 elidted using several odier hybrids as immuncviens. Deqdte tte large amount of data, a 
severe limitation on these systems has been diat d^ey have been proven useful only for 
continuous or linear ephopei 0.e., qutopes faivotving sequences of amino adds diat are 
contiguous witt d» primary aequeiioe firom die antigenic protein i^ Tims, 
conformational epitopes involving amino adds from several parts of the sequence of the 

25 antigenic protdn cannot be expxessed in qvitope insertion experiments, and tiuis largely have 
been ignored to date, despite tiM bet that sudi conformatiraal epitopes are usually moce 
prevalent than linear epitopes in antigenic proteins. 

M?MMARY QF THR IWYEWTrON 
30 An expression system lev presentation of proteins at die bacterial cdl surfhce, 

togedier wid) medtods fbr pr^aratiM and use, is povidfid. Ite esqmssioo syAsm 

comprises a plasmid which inchides a prmnoter, wUch mqr be constitutive or rv^ulatable, 

and a DNA sequence encoding at kast dc amino temrinsl portion of a ?. oirugbmsa outer 
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membrane protein OprF. Inserted in the DNA sequence are one or more imique restriction 
dtes for insertion of me or more DNA sequences encoding a protein(s) of interest. These 
inserted tfqiifnrfi can be known as antigenic peptides or random pqMidei of four or more 
amino adds created by utilizition of ramkm^ Aitematively, 

S or in addition, a DNA sequence encoding an oiigqKpdde of interest may be fosed to the 
DNA sequence which encodes at least the amino terminal portion of the outer membrane 
protein. Hus sequosce can be part of a known DNA sequence or can involve random DNA 
fragments from a protein of Interest. The inventlM finds use for presentation of proteins 
such as peptide andgens on the cell surfece of gram negative bacteria which then can be used 

0 as a live vacdne. Alternatively, or in addition, it on be used fof mapping of antigenic 
qrftopes, ideittifying sequences of amino acids that constitute epitopes that can be used in the 
diagnosis of disease, or production of specific antibodies against a given pc|>tide sequence. 

MIPP DK^rMPnON OF THE DRAWINGS 
5 Figure 1 shows a diagram of plasmid pRW3, the piasmid used fcx linker 

insertion mutagenesis. 

Figure 2 shows die coo^^Iete nudcodde sequence of pRW3. 
Figure 3 shows a Western immunoblot wids and-OprF monoclonal antibody 
(mAb) MA7-1 against OprF produced by linker insertion mutants and native OprF. 
0 Figure 4 shows a colony immurK>blot widi PF2A. 10 (a monocUml antibody 

spediic for the PNANPNA repeating ^itope of PUumodlumJitlctpmm CSprotdn) showing 
rcwdvlty with colonies expressing an OprF derivative carrying the malaxial epitope. 

Figure S shows a Western bkrt of whde lysates of £ cott strains contaimng 
plasmids pRW302M.2 and pRW309M, reflectively, wiA and-Opd^ mAb MA7*1 (left of 
5 molecular weight marker) and and-malarial qdtope mAb PP2A«10 (right of molecular weight 
marker). 

Figure 6 shows Westen blots of vAoh cell prc^eini using dtter (a) an anti- 
C)prF mAb KCA7-1, or (b) a polyclonal andbody spediic for CEI^ Lane 1 is die wild type 
P. aeruginosa strain H1G3; Lane 2 is an E. cob' strain eaqncssing a truncated form of C>prF; 
kO Lane 3 Is in £: cotf strain harboring a done eqnesslng wild type OprF; Lane 4 is an £1 ooii 
eapiession ^•stnld pMBCEMB, Symbds: square iodicttet band oone^ondiag to wild 
tyft OprF; triangle Indicates ttuneatad OprF and aide iadicaiea f)MB<XMB pntan, being 
Ideadfled widi both aatl-OprP mAb and antl-CEME polydooal antibady. 
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Figure 7 ihows examides of indirect immimofluoreacem labeling e^eriments 
with aoti-OprP and anti-malirial qtope mAb's. (a) £L ootf ttain e«r»»«""| pRW309M 
with MA7-1 (anti<OprF mAb). (b) sane stnin vd± FF2A. 10 (antimalarial cpttqie). The 
upper i^ntogtapbs show aiAb>labeied odh viewed with fluoieioettt filtv The bottom 
S photographs show the iume field under ^laie oontnit 

Kgure8diowsainapofapUC4KtypepIasinid. Shaded ana indicates 
kaiamydn resistance cassette used for linker mutageneais. 

Figure 9 shows a diagram of jdasmid jtMB-CEME, an epitope iusi<m eonstnict 
comprisint the first 188 amino adds of OprP ftised to a pqrtide ooQitnict 

BRTCT DBSOtlPnOW OF THE SEOTIEKrE USTTKCIK 

DESCMPnON OF THE SPECIFIC EMBODIMENTS 
An expretsioA system it provided which co inprisf i A DNA sequeooe flncoding 

IS at least the amino mninal pordoe <tf an outer nmahfioe pioiein Op^, whieh seqimoe 
contains one or more cestrictioo sites fot insotioo of a cotfing sequence tot an otigopqKide 
of intexe^, and/or may be ttsed for ftmoo to a coding sequence for an digopeptide of 
interest such as a pqMide antigen* The expression system also provides tot DNA sequences 
for efBdent initiation of ttanscr^>doa QnomoCer) and tranSlatioa; DNA sequences tot 

20 efiicieat termination of transcr^itloo ami translation; u wdl u for efficient processing and 
transportation of the cayitssed protein acrosi die outer membrane for presentation at the cell 
surftce. The pr om oter is one c^wMe of providing expression in gram negative bacteria and 
may be inducible or regulatable. The coding sequences fbr die outer membrsne proteltts are 
modifkatians of the coding sequence of the OprF gene torn Ptmdanmas airugiMsa 

2S PAOL Metfiods fior Ae picparation snd use of die esp re sslo n lysiem also are provided. 

The sutigect invention irftos sevend advantages ever diese currendy available. 
OprF can directly sdmulate immuncdogically important lymphocytes and itself has vaccine 
potential against Fseudmonas mm%uma inftctioos (Hinoock gt ati RnnpeM Jrwfnai nf 
Oinlcri Mfemhtoloyy (1985) 4:224-228; Oilleiattd Ct gL and Tmnmrity (1988) 56:1017-1022 

30 and recombinant OprF from & ooft has been used to protect against Pseudcnuwu infections 
(OOldandSlL Omrait Mjctphkiteyy (m\ TA^.UTi teadfait An potentM far a hiptrfte 

vaodne. OprF has been deoioosttatBd to be a mitogen (Ch» ct iL lofi^^ 
Tmmttrtitv (198(9 28:178-184; also ctn be used as an immunogen widi liposomal deliveiy 
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lyttems. optF b aimnable to both ^itope buefto) mota^nesii «nd e^t^ 
fflutageaetb. Eleven dticxcte sites hive been iioUttd at wbich 12 nuckoti^ 
iaurted (lexilting in 4-S amiiM xtdi beiiig iosoted into the Op^ pnducO «»d at >eut 9 of 
these tites are exposed to the celt suiftce and an pennissive fbr insertion of a 14 amino acid 

5 loiucnce containing a malaila lepeadng epitope PKANPNANPNA (see bc^ Since 
sevenl sites lie permissive fbr insenion of multiple copies of dUgooucleotides encoding 
these peptides, a total of between about 13 and about 69 extra amino adds can be inserted. 
With respect to epitope fimon mutagenesii. fiisioos of OprF to alkaline phoqihatue (at 
amino add 1S3) and to peptides 19, 20 and 41 amino adds in length at amino add 180.204 

10 mdiaSieipectivelyof OprP can be obtained. Oflier benefits of the system described 
indude the expression of ()prF behind a ite ptomoier to pennU regulated expresAm; the 
existence of roonodooal antibodies (see. Table 2) agdnst 10 separate epitopes of 0^^ 
which are suffice exposed epitopes) which permits rapid analysis of a given product (Table 
2) and the abili^ to express OprP in any Otam-eegative bacterium, uAileh pondts live 

15 vaccine ddivciy. 

Ftemtilas (1) and (2) have been sepaiitdy described. 

Nbvd expession systems can indude Aose having the following fbnnula: 

P-N-RrX-VCi W 

wherein: 

20 P rqnesenti a DNA acqoeace which provides for eflident Initiatioo of 

transcriptioo in a host bacterium; the DNA sequence of (3piF gene piofflOttr must be 
modified to pievoit ovetexprenion letfaaUqr due to the mength of this promoter, fliis permits 
introduction <rf a fofdga promoter which may be legttlalable or ooDstitaiive. For example, 
ds pho^ihat»ngulatd>le fmnoter Cram api9 gene of F. oeruglMn at the constitutive cpiD 

23 gene promotcf* 

N i t ^M T r " tT the coding sequence for the N-terminal portion of an outer 
membrane ptotdn and contains a bacterial leader Mqucnoe fbr prooening and tra n i l nca rio n. 

Rt and/or Ka fepreseot teatrietioo sites fbr inteitiaQ of up to about 207 
nadeotidei encoding an oygopepdde of inteiest; the number of restrl^ 

30 4 at R| or Rg; 

X represents the central poctioo of die outer membiane poieia. 
C f fpre a e n t s ttie C tsnninal portfan of die outer membrane protein. 
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Novd expfe$^ systems ibo iadude compositions which have the following 

fonnutas: 

P-Nt-R| (2) 
P-NfRi-Ci C3) 

5 wherdn: 

Ni rqnesents the coding sequence for the N-tominus of ooter membianae 
pntda OpfF and is chancterized as providing for expression of a sufficient amount of a 
Gsascciitive sequence of amino adds torn the N-tenninus (about 133 or moie amino acids) 
to pennit eiiprassioitt of a peptide fused at R, to be expccsaed on the suiii^ 
10 membrane protein, as weU as providing the coding sequence for a bMrterial leader sequence 
to pennit processing and tnmsloeatioa to the outer membrane; 

C, iquesenu either an actual OprF caiboxy terminus or a synOietic caiboxy 
terminus having siibstantiaUy the sequence of a native OprF caxboxy terminus; 

P and R| have the meaning as desoibed above under Formula (1). 
15 AvarietyofoutBrmembnnepfOteinxin of interest. In particular, aldtough 

the actual gene and protein have not been identified, nearly aD bacterial spedes rRNA 
homology gioup 1 of the Family ft<Mfoni<NMA^ 

either a sequence that cross-hybtidixes with d>e OpiP gene (Ullstrom. g iL Jwnal BactCriri 
(1991) 173:768-775) or a protein that crosMtacts widi OprF-^ecific moaodooal antibodies 

20 (N. Martin, Ph.D. Hwsis (1992) University of British Columbia. Canada). unlQca the 

proteins ftom £ cofl ftat have been used pieviouiy to qiitope insertion or epitope ftasioo 
mutagenesU. it U expected that these pioieins would have similar characteristics to OprF, 
namdy abifity to ttccpt additiottal peptides at multiple sites, and predictable sites ba^ 
the faifbrmatioo pteseoled hen; activily as a B-ceU mitogen; ability to function In sevenl 

25 ^ ffl^^ a ^ sfodtsi and aiUUty to be used for both c^tope Inaertioo and epitope fusion. 
PiQidns that St cipibk of exhOritiiv such chanctBtistics, i^^ 
are of intemst to the subiM taventiao as a aource of aueleic acid sequences capable of 
providing for esqntasion of an oligop^tide of interert cm the surfiw of in outer membrane 

pfOCCilL 

30 Tte compoailioiu can be piqmd by tddng DNA ooodiog at leut the 

tenninal portkm of an outer mcmbriDc protdn and acittaf one w njo» restriction enzyme 
litea within the coding Mfuewe where a DNA lequence encoding a hetendt^ous pfocein can 
be inttfted so u to obodn a fusion protdn in wUch an olig^ 
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into the oufo' membrane pfotdn sequence. The alteted gem on be npmacd in a host 
pfoksxyotic eell. paiticulariy a btcteriil ceU, more pvticulvly a gnm nega^ 

The techniques used ia isolating outer nembiane protein genes to obtain the 
desired sequencn are known in the art, including syndieais, isolation fiom genomw DNA. or 

5 comblnatioos thereof. Various techniques for maatpulation of genes are wdl known, and 
include restriction, digestim, resection, ligation, in vUro mutagenesis, primer rqpair. 
employing linkcn and adapters, and the like (see Sambrook tl iL MQIfiQilaLCISOiOg^ 
moataailaiUlll. com spring Harbor, USA, 19W). Generally, the method comprises 
piqaring a genomic libiaxy from an organism eipreasing an outer membrane protein with 

10 die desired characteristics. The genome of the donor microorganism is isolated and cleaved 
by an appropriate testridloo eo^me, such as Eeo R|. The firagments obtained are joined to 
a vector molecule wh^ has previously been eleaved \)y a oon^ttlble restriction enzyme. 
An example of a suitable vector is jdasmid PLAFR3 which can be cleaved by the restriction 
efldonudease Eeo R|. 

15 The amino add sequence of an outer flsembiane protein also can be used to 

design a probe to screen a cDNA or a genomic Hbraiy prepaiod from mRNA or DNA ftmn 
ceDs of interest as donor ceDs for an OQter membrane protein geoe. By using the outer 
membiane proidn cDNA or a fragment thereof u a hybridizatiott probe, stnieturaUy related 
gntes found in other microorganisms can be caaity cloned. The probes can be oonsideiably 

20 shorter than the endie sequence but shouU be at least 18. preferably at least 21. nucleotides 
in length. Longer oligooueleolides ar» also usefkU, 19 the foil length of the gene, 
preferably no more than 500, more preferably no more than 250, nucleotides in length. 
RNA or DNA probes can be used. 

In use. the probes are ^pically labeled in a detectable manner for example 

25 with "F. 'B. Uodfl or ividin) and are inctibated with tinglft-stianded DNA or RNA from the 
organism in which a geae is being sought Hybtidiatioa is deteeted by means of the label 
after single^tranded and double-stranded (hybridised) DNA (or DNA/RNA) have been 
separated (typically usbigttittooellttlose paper). Hybildizatioa techniques suitable for use 
with oligoaucleotides are wdl known » those skilled in the ait. Although probes are 

30 oormatty used with a detectable labd dnt allows easy Identificatioii, unlabded 

oUgoBudeoddes are also usefol, both as pieeuraon of labetod probes and for use fai meCw^ 
tfiat provide for direa deiecdoa of dooUe-stnnded DNA (or DNA/RNA). AocordiQgly. ti« 
term "oligonudeoddepiobe" refers to both iabdsd and unlabeled forms. Paiticolarty 
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contempiatBd U the isoUiion of genes from organiuni that express outer membruie protdns 
utin| oUgOQudeodde probes bawl on the nudeottde sequences of the OpiF gene (4>taioabte 
from Pseudamonas aeruginosa. 

Once a nudecttide sequence eocodii^ an outer membrane protein has been 
5 kfendfled, as a itstrictsoo fragment of diromosomal DNA« it can ten be manipulated in a 
variety of ways to prq^are an eqmsion system whidi has a structure re^^ 
formula 0) above. The constructs conqpiising te expression system may include functions 
Other Chan dH>se lequiied ft^ expression, such as rqdication systems in one or more hosts* 
e.g. cloning hostt and/or the target host fior ex|mssiott of the protein of interest; one or more 

10 markm for section b om or more hosts, as indicated above; genes which enhanx 
transformadon efficiency; or other spedalked (Unctions. 

The construct may be prepared in conventional ways> by isolatiag genes of 
interest from an appropriate host, by synthesizing all or a portion of die gena, or 
combinations doeof. Similariy, the rcgolatwy rignals, die ttanscrytianal and tianslarinnal 

15 {nidation and termination regions may be isolated from a natural source, be syndiesized, or 
comUnadooa thereof . Tte various fhgmoits may be subjected to endonuclease digestion 
(restricdoo), ligadon, sequencing, in vitro mutagenesis, primer fepair, or die like. The 
various man^Mdadons are well known in the literature and will be employed to adueve 
specific purposes* 

20 The various fragments may be comtHned. cloned, isolated and sequenced in 

accordance widi oonvendonal ways. After ea^ flttnipulatiiw, die DNA fragment or 
combinadon of fragmata iray be inserted into te donbig vector » te vector transformed 
into a dodog host, e.g. £ cott, te dooing host gtown up, lysed, te plasndd isolated and 
te fragment analyzed by restriction analysis, sequencing, oombinatioos dnecrf, or te like. 

23 Various vectofs m^ be employed during te course of devdopnmt of te construct and 
transfbnnadoo of tehostoeU. These vecton may include cloning vectors, expression 
vectors, and vectors providing for imegradon into te host or te use of bare DNA for 
transformadon and intcgradoo. 

Tike cloning vector will be characteriaed, fbr te most pan, by a marker for 

30 lelecdon of a host containing te doning vector and epdooally a transformadon sdmuladng 
sequence, may have one or more poljdinkers, or addidnnal sequences fbr faiserdon, selection, 
manipuladon, ease of sequencing, exdsion, or te like. 
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E)q»cssii» of an oligi^eptide of interest is ichieved by intatioa of (me or 
mon open leadins 6ame(s) eiwoding ao olieopepdik of iniBfeit(t) in^ 
cmted in the ir m tr nfT fiKW>'Pf the outer membrane protdn. Insertions ue made by using 
t virifly fff Pitlftnili'' g*«**ie twetuiinBea wfalcfa are well known In the ait. The structure of 

S theinodifiedsenescanviiy sigiUficantlytiqKAdinsonlbetocatioaof tte 

site into which the sequence encoding the antigen of interest is inserted. For examine, see 
FormuUi (1) to 0) above. By analogy to other expression systems it might be necessary to 
msmia different insertkm and/or fimon genes and to determine experimentany the 
fiisioo construct for expression. Altematively, or in addition, a banlc of oUgooudeotides 

10 varying in length Irom about 12 to 24 nudeotfdes and iodudlng every possible nucleo^ 
(ACG orl) at evety position along the kngtb of the oligooucleodde can be inserted into the 
restiictioo enzyme site of choice; lesuUiiig, after tiansforaiatk» of cells with ih^ 
ooostiucts. in a series of derivatives of every possible combinatiao of amino add sequence b 
peptide inserts varying ftom 4 to 8 amino adds in length to create a Variable Epitope 

IS Library. 

It is desirable to locate die protdn of interest in a region of die outer 
membrane piotdn that is exposed on the surface of the piotdn. Such regions may be 
identified by inserting a known epitope (e.g. PNANPNANPNA) for which a monodooal 
anffl^y \ii yvanahif., anri marining intact cells pfodudng the outer membrane protdn with 

20 this known epitope by indirect immunonuoresceottechniqties using the mooochmal antibody, 
positive Ouoresoenoe will reveal a sirftGe>loealiEed eptope and consequendy a r^ion 
exposed to the surftoediat is a permissive site for insertion of cpitopea. Generally, dwse 
regions oofxe^ond to a loop tegioo that Ms benran two transmembiane ^Hheea aldi^ 
such regions aionatoriooslydifncult to predict in outer mefflbianae proteins. Once these 

25 f««ions axe identified, tt^ can ften be mutated to create unl^ teetricdon caqfrae sites, and 
an oligonucleotide may be used as need to cteato a unique site. It is advamageoos to create 
at least t«ra unique leitriction sites per plasmid within the oilier inembiw 
permit the construction of pxotdns cxpiesdng two ot mwe sq»rate pqitide epitopes. It is 
desirable to maintain die signal sequence (secieiory leader) of die outer m e ndwan e protdo 

30 upmm ftom and in reading fiame with dw outer memteane coding sequence gene. Asfiew 
u about 7 amino adds torn the NHMminus are raqdied so long as die C4eimiaus is 
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Altemativety, the nucleotide sequence encoding tke outer membnne protein 
may be Ugaled to a DMA sequence enoodini tn oligopeptide of intereit. For socfa an epitope 
fusion construct, it b advantageous to include the signal sequence and at leut about 150 to 
180 amino adds from die N-cenninus of the outer mefflbiane protein. TUs involves 
5 plioement by mutagenesis of restriction sites at after die po&iion in die DNA sequence 
equivalent to amino add 150 (See Ihble 1). Inclusion of all of die nudeodites encoding 
duee blunt ended restriction endooudease sites jdaced such dut die corresponding restriction 
eodonudeases cut each in a difiBsicnt readu^ frame (TUble 3, pAS2) results in an expresslra 
syttem diat can be utilized to randomly done DNA ftigment genmted eidier by use of 

10 similar restriction endonudeases diat cut in a blunt-cnded fashion, or by deoxyribomttlease 1 
digestion in die presence of Mi^*** or by sonication to create a Prsgment Ubrsty for a given 
protdn fbf which Oie cor res p on ding gene sequence does not have to be known. The 
resdting ligated DNA will usually express an antigenic epit^ or can dien be manipulated in 
a variety trf ways to provide for eximsaion. 

IS Exprttsioo vectors will usuaUy provide for insertin of a construaw^ 

indudes the tranacr^tional and transitional initiation region and terminatioo regions: 
altemadvely tht construct may lack one or both of die regulatory r^ioos, which will be 
provided by die cap re sslon vector upon insertkn of U» sequence encoding die protein 
product. 

20 Diwttrative transcriptional regdatory r^ions or pr o motera indude, die landxla 

left and right promoten, trpuAUtc promoters, toe promoter, and die like. The 
transcriptional regulatory r^ioo may additkmally indude regulatory sequences which allow 
the time of expfossioii of dm fused gene to be modulated, for example the presence or 
d»ence of nutrients or expiessloo products in the growdi medium, tenqmture^ How to 

25 oUainanduseapromocer to obtain a particular levd or timing of es^^ 

todneddlledinttieait (Scsforexampto, Deiaddeilal EMBO Journal (1986)5:^7* 
2994; Soldat st ll FBMS Mnobiokigy Letten (1987) 42:163-167. 

Ilie expresdm cassette can be taiduded widdn a teidication system 
cpisomal maintenance in an ^iprqiriate ceUular host or can be provided widiout a rqdication 

30 system, where it can become integrated into die host genome. Ihe DNA can be introduced 
into dve host in accordance widi known techniques. 

Microbial hosts can be employed which can indude, for oumple gram 
negative bacteria from die Family Enurobaeteriaexag tucfa u & cofi and those from the 
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^yPsetdomonadaceaeso±dsPuiMlowmasam Although the outer membnuie 
pratein expicssioa system may have been obtained fitom a parti^ 
been determined for Op* tiut the lyitem can be used wiA otha giam negative bacteiial 
hosU. Hctetotogous expreasioo of piomoters, terminators and seaetion signals ii a common 

5 obseivalioo initudie* on gene CTpiesam In gram negative bacteria. Since outer membrane 
imweins are highly expressed to their native state, it ia deaiiabfc to dete^ 
promoter to prevent overexpiession lethaUty in high copy number plasmlds, and to 
choice of piomoten to be used ft» expressioo of the outer membrane protein. 

Virtually any peptide sequence can be inserted into the outer membone protein 

10 by means of the insertion of synthetic oUgonucleoddes or natural DNA sequences at specific 
permissive sites in the outer membrane protein gene. Such permissive sites can be inserted 
into the protein and identified M described above. In qntope insertion experiments, i.e. 
corresponding to POrmuk (1), a maximum 8l» Hmit of « amiw) adds (207 nucleotides) has 
been observed nW)te,pRW31lM), although up to 100 amino adds may be tolerated. The 

15 amino acids toserted can be (be kno\m sequences of linear (eotttinuous)pepd^ 

comprise the dominam andgcnic portion of organisms indudiog but not limited (0 viruses, 
ftmgi and other b««ria. or can include a Variable Epitope LltaBiy as described above. 
Antibodies against a spedfic organism or peptide sequence can dien be utilixed to ensure diat 
the antigen in question is egcpteascd in the farmer ease. Altemativdy. antiaera can be used 

20 tosdett reactive dooeafhjm the Variable Epitope Library of clones, and the DNA 
sequences concspooding to the inserted ^topes in these permissive clones can be 
determined. Tiua permits idealillcation of the unknown epitope sequences corre^i^^ 
antibody reacdvities in the andaera. 

FOr qiltope ftoiflii expetlmentt (i.e. wii e ap o nd hig to Fbrmulas CO and (3)» up 

25 to 400 adds can be fused at a after amino add 153 of the mature outer memoiane 
protdn by fiuioa of DNA sequences to the region of the outer membrane protdn 
corresponding to amino add 153 or grsater. The DNA sequence to be ftised can be fiiUy 
synthetic, or can be a portion of a gene of interest (iiv example, an antigenie protdn fto^ 
organism, whidi antigenic protdn u known to gm rise ID antibodiea that ptmect against 

30 infections) or if no sudi gene is known, random DNA leqtienoesfiram the chnmios^ 
bacteria of bueicst. tIibib latter two posdUlidea are termed a "FBgraeat Library' above 
and donee containing aequeaoea wjtres p ooding to andgeni 9t inteiett can be identified using 
specific antibodies. 
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Conditions are mployti for tnnsfbnnition whteh result io a high frequency 
of tiusfbnitttioa, using dther natunl or induced ttaosfonnatiaa systnns or by 
etecQopontioo so as to ensure sdectioa and isolatioo of tnnsionned hosts expressing the 
stnctiaalgcnaCs) of interest It will be appndatad that the tnasfbnMd host according to 

5 the invention can be used as starting strain in strain impovement processes other than DNA 
flMdiated transfonnatim. The resulting strains are considered to form part of die invention. 

As a result of die trantfermation, there wiU be at least one oopy of die Kene(s) 
of interest frequently two or more, usually not exceeding iteut 100, more usually not 
exceeding about 10. Tte number will depend upon whether integration or stable episomal 

10 maintenance is employed, the number of copies int^taied, whether the subject constructs are 
subjected to amplification and die like. 

Once the altered gene including insertkms and/or fiisioos has been introduced 
into the appropriate host, the host can be grown 10 express die altered gene. Wberea 
regulatable pro m oter sudi as a Ik p r om oter is used, expression of the mutated enter 

IS membiane pnildn is controlled by die amount of regulattffnutrieat in die growdimetttum. 
The insertion and/or fiision construds are transformed into a gram negative bacterium host, 
preferably?. oe/^guMsaorfiL coff orHvevaodnestrainsof jU^WMOaor 
methods known in die art Tnasfoiaaats are selected by using t badeiial aelectioa marker 
such as tetracycline resisttnoe. Tlie structural gene providing die marks fiv selection or 

20 nuuBtenanoe of die plasmld may be lative to die wild*^ bacterial host or a hetendogous 
struenital gene which is funedooal in die host For esampie, structural genes coding for an 
eo^me in a metabolic pdiw^ may be used where die structunl gene Is fiinctiooal in die 
host and oompkments dw auxotro^y to piototropby. 

Tnuufonoants are purified sod tested tor expression of the antigen of interest 

2S TTiis is dMB using yedfle antibodiea in acolooy immimoWnt test after transfer of theie 

colonies to nittoodbdosep^. When Variabte Epitope Libtaria or Fragment Libraries are 
being screened, speetfie dooea of interest win be eoricfaed for by using dieir ablllQr to bind 
to ipedfie antibodies bound to cidier t bead support in oolnains or to die sirfHe of idasdc 
dishes. Bound clones will be diose which cxpwu an antigenic sequence u unwp o n ri fat g to die 

30 antibodies, ite eknes can be etuted by aikl idd or high stft. grown up and sut^jeetnl to 
ftutiier cycles of enrichment prior to testing by coioay iinowmA;t oedwds^ 

la a prefened embodiment die DNA sequeocts sf dw eaq ir ct sion system can 
be derived from an OprF gene, whidt eiioodes outer membiane pcotdn, isolated f^ 
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gnm negative bacterium P. aeruginosa in which ofpnlsm (as indeed it is ia £ colt) ii is 
f ^ fnpA and effirignay ttanihxated to ttc outer meiribnne. The cloned outer membrane 
protein of f. aent^^KOM can also be used to create mutant outer fflenbnne i»otein genes 
with improved expression and/or secieiiott cfaaiicteiistics by using molee^ 

5 techniques well taw>wn in the ait. u is also lecogniad that hybrid sequences l!w e^»tession 
and sectetioo of proteins can be obtained by combining outer mendnane protdn secretion 
lignal sequences with oih» promoter or tmninalor sequences. Outer membrsAe protdn gene 
promoter, secretion signal and optionally terminator sequences, or ftmedonal parts thereof, 
can be obtained and used as individual cassettes in complete expiession systems. 

10 Moreover, the invention indudes genes with diffeient nucleotide sequences 

which are bomologiBS of the outer membrane protein gene of P. aeruginosa or parts thereof. 
Homology U defined hetdn as nudeolide sequences which have an identity scoi« of tt ^ 
70% in a sequence comparison to outer membrane protdn by osiitg the BestFit program of 

the Wisconsin Sequence Analysis Software Padnge (version 6.0. rdeaae 1989, QCG, 
15 University of Wisconsin, USA), using parameter setdngs gap penalty -4, bias paiametere 

0. Romolog genes may be isolated from naimalsouroea, or may be produced by 

mutagenesis of outer membrane piotdn genes of P. aeni^mm. 

The subgea inventioo esen^li&s a method to effidenfly egjma peptide 

antigens in a giun negative bacterium such as P. aen«jmsa, and £ eo// using regulatory 
20 lequences obtalnahto ftom an outer membrane piotdn. Hie inventioo piovides conservative 

mutadons. where the sequenoe may hive as many as 30» diffiHcnt bases, more usuaUy not 

more than about 10% diifiBrent bases, or mutatiaas which are non-conservative. 

The UolatioQ of the outer membnne proida gene allows use of the regulatory 

dementt of die outer membrane protdn gene, such as a promoter, an upstream activating 
2S sequence (UAS), a teridnaiK and the like, fbrkkntification of odierspedfic regulatory 

sequences by means of standard techniques such as gd relardaiioo. ctoa»-linking. DMA 

ftaotprindng and the like, boladonof sped&regtilaiDfy piQ(dnbya£&atychDomalognphy 

wm tesuh in die cloniflg of the gene encoding said proida and subsequent madpolatio^ 

sdtablehoit. 
30 n» nf EniiMiton Svit«na 

The uses of these expresskxi systems include the potential for expressing 
antigenic peptides of interest in live vaccine strains of bacteria. In such a situation, the 
antigenic peptide would coa^sise a sequoce diat oouU give rise to an unmune response 
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loBlini towrtfeodies or icuvtted T ccUi cijabk of protecting •gainst subsequent infection 
byapatbQgoifeoiBiniamwfaichineliideithitaAtiieniepe^ Tho 
idvMtnge of this invention fbr «ich pwpoiBi indudc (a) the abl^ 
peptide ai the niTte of the Uve vaccine anln by iaco^^ 

5 outer menjbnmepcotein.wWch itself uex^^ 

known vaccine potential of OprF agiinit P. aemgbiosa Infecdoas. thus creating the potential 
for bipartite vtcelne. (c) the pot«tlall6ffiision of laige antigenic portions of proteins 
penmtting the expression of coofonnatlonal epitopea O-e. di«»otinuoui epitopes), (d) the 
potential for erpresrioo of two peptide epitopes within tlie saiw 

10 of two or mere uniqtierestxictfon sites with the en*odliiient$ of this eqH^^ 
the activity of Ae protein M a B<en tnitogen leading to noo-spedfte prlin^ 
predudng Mynphocytes and (f) the abiUty to express OprF in heteiotegoos bacterid 

A second use is to prepare a protein vacdoB by purificatioo using standard 
detergent sohibiliiation and column chromamgiaphy techniques of the protein expressing an 

IS antigenlepepdde,M described above. OprP, being capable of being inserted into liposomes 
(Hancock tt aL European Journal of ainfcal MicrobiolQgy (l^ 
deUveredlnsuehafonnnlationaaavaocine. F» such use, an of the advantages (a) to (e) 

above would be apparent 

A lUni use is to prepare antibodies against a given peptide sequence. Thttf, 

20 the pqitide oouU be inserted into the outer membitne protein gene as a complementary 

oUgoniKleodde. The protein piodott is then purified and used for immunization of animals. 
Antibodies so raised that are spedffc far OprF aequenoea can be absorbed out UB^ 
bound to an affinity cohnnn matrix. The resultant antibodies are pq«ide ^edfic. Again, 
points (a) to (e) represent obvioos advantages in dds system. Another advantage of OprF is 

25 that since two of the insertion sites exist within a legioo of OprF that forms one or two 
disulfide bridges between cysteine residues, die insert at these sites of antigenic pe^^ 
must form disidllde loops far antigenidiy, becomes a potential ussge of this sys»^ 

A fourth vie Of Ihil lystBm U fv the identificaiion of important antigenie 
protein sequences for use udiagnortlcs or vncdnea. IWslnvoWes creation of a Variable 

30 Epitope Ubiiry or FiigniertUbnryfoUowed by selection of reltvamch^ 

sen Oiat is capufrl f of identifying O-e. diagnoring) all strains of a given ^edes of Mganim, 
or an antisere that CM pnxert against inftcdoo by ti>e organism. Sequencing of Ae lelevam 
cUmeawfflievealiatlgeBic epitopes of toteresL These can then be used directly (l.e. by use 
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of the orifixud Ops!P with the ixueited peptide) or indixectly (i.e. by using diii infbnnatum to 
tyntfaesize peptides) for diagnoitic tests or as vaccines. 

Hie following examines are offered by way of iliustzadon and not by way of 

limitatioa. 

5 

OirrF P*'*!^^^ preparation 

The approach utilixod to isolate die plasmid pRW3 for crcatioa of OprF 
epitope insertion vecton was as follows. Tte OprF gene promoter was mutated by ute 

10 directed mutagea»s to place a unique Hlndin site averlq>ping dw -10 site of die promoter. 
This had thxte effects. First, it weakened the promoter. This was important to permit 
subdoning into high copy number vecton since OprF is such a hi^y wqntssed protdn (10^ 
copies per cell) in bodi A aeruginosa and C ooA. Second, it permitted subcloniog behind 
regtdated p r omote r s . Tlie promotn'-mutated gene was subdocied into plasmids pTZ19R fbr 

15 expression in £. oofi or PUCP19 fbr expression in P. aerugmosa. TUrd, it resulted in a 
fimn of die OprF gene dot completely tocked a All site and had a single unique &i/l site. 
Also, it removed most ttf die sequences flanking the OprF, dius tecreasiog die efBden^ of 
linker ittseidon nnitggeneds. 
T Jtiltftf mutefMcrii nf friMmid ctMtrining QorP tene 

20 The plasmid pR¥/3 (Figure 1), which contains die whole OprF gene widi a 

mutated pr om ot e r in pTZ19R» was linearized with 4 different reslricdon enzymes (Alul, 
Haein, Rsal and TliaO^i^^tichkave blunt ends afte Since all 4 enzymes 

recognixed more than 1 dte in the plasmid, di£breat pvdal digesciott condidons were set up 
for ead) enzyme in onler 10 obtain die cut Uneafized form ^ Afterpaitfai 

2S digesdoos, die reaction mixtures were loaded on preoperative agarose gd and die 1^^ 
of die plasmid wu isolated using DEAE p4«. H»e 4 pools of linearized pRW3, each 
conespmdiag to a dififoent tettdcdon enzyme digesdon, were Ugated sqwatdy with a 1.3 
kb Ifindl fiagment which encoded a kanamydn resistance (aminoglycoside 3'- 
idiosphotransferase) gene derived ftom a pUC4^ Following 

30 liftdoas and txtrnfonnaiions. cells were plated on Lurla agar plates containing SO mg/ml 
eadi of kanamydn and amfriciUin, The doubly reslMot colonies were ftirdier screened on 
colony immmoblots to an OprF*minus phenotype by uung an and-OprF monodonal 
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Antibody. The Ion of OprF phenotype indicated die insertion of the lauumycin itaistance 
Gtsaette in tbe OprF gene sequence. 

Pltsmid DNA fiom the OprF*ntintti colonies vras extracted 1^ the lUcatine 
lysis method. The extncted pUsmid DNA ftom cMh OpiF-mlnui clone was then digeded 

S with ftrl. which mly recognized sites in the flanking sequence of the kanamydn resistance 
cassette (Figuie 8), and hence ckaved the cassette out &om die plasmid^ Following 
itiegation of the ftrl digestion mixtures and txansfimnalions, cells were plated in an^idllin 
medium. Colmies that appeared were screened fbr kanamydn lens^ 
pfoduetiOAOf immunoreactiveOi^. Tbe kanamydn sensitive dooes presunably cmtained 

10 die mutated fbnns of pRW3 with a 12 nudeodde insertion at sites originally iniemtpted by 
the kanamydn zesistanoe ossette. 

PUsmid DNA was prepared from the kanamydn sensitive clones and die 
inseitiM sites were m^ped by restriction pattern analysis by double dige^ widi All, 
^j^iidi recognized the unique site generated by dte 12 nudeotide linker, and otitcr enzymes 

15 widi single cleavage sites in die <q>rF sequence. Oones widi die same restriction pattern 
were grouped and 1 clone Atom each group was further analyzed by automated DNA 
sequencing using dyeterminator chemistry. For done 307, a slightiy diflioent tedmique was 
used. The unique Sail restriction site centered around the sequence encoding antino add 188 
was opened widi Sail and a tinker sequence witii Sail overiappiqg ends and 12 extra 

20 nudeoddes containing a ftrl site (tiius replacing valine 188 widi die sequence, gly-pro-ala- 
gly-pro) was bunted into diis site. In all, 11 unique insertion sites were identifud. The 12 
nudeotide insertions were translated to 4 amino adds, die identities of which dqiended on 
die reading ftame at which die insertioctt occurred (TkMe 1). 
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Ttble 1: Samaary of Unto incnlloo aututt. 



dorm ' 


Sites 


Anoino 
adds 
iiuefted 


Noo- 
mcdve 
•fltl<OprF 

MAbs 


Malaria 

epitope 
imerted 


Number 
of a.a*s 
iiuerted 






GTCRS 


OOBO 


yes 


39 






GPAGP 


BOM 


vcs 


14,28 


pRW303 


Asp-t2 


DLQV 


«u 


JW 


14 


pRW305 


Oly-131 


OPAGP 


7-1 


yes 


28 


pRW306 


QylSS 


GTCRS 


none 


yes 


26 


PRW307 


Val-188 


GPAGP 


7-8 


yes 


42 


pRW308 


<31y*l96 


GPAGP 


7-8. 4-4 


yes 


14 


pRW309 


Afg-211 


RTCRS 




y» 


39 


pRW310 


Asp-215 


DLQV 


Booe 


no 




pRW311 


Scr-231 


RTCRS 


7-3,7-4, 
7-5, 7-7 


yei 


(9 


pRW312 


Azg-290 


RTCRS 


7-3,7-4, 
7-5, 7-7 


ye» 


65 



^UTir^*''*'"* *^ "P^ pnAiMd hv tlwi BnVfr iniHUon miilants 

Outer mgmbmw mafia were prepaied from £ oofi strains containing 

20 diffeieat mutated fonns of pRW3. Samples were etocttophoRMd on SDS potyaayiaoilde gel 
and analyzed by Western blott using a sedes of 10 monoclonal antibodies tpedBc fat native 
OpiF (Ftguie 3). Ceilato of die motaledfofnsrf Op^ showed different leactiviqr pattens 
with these monoclonal antibodies as complied to the native piotBia, Indic a tin g that certain 
epitopes woe intBmipted in dieaemutitBdpraiBinsCIttlel). However, reactivity of the 

2S mittatfidpotdns with die minority of die OKnodoQilaaiflwto 
retendon of native OprF stmctue. 

rti* mMXmrim twitn^ Into WiAw fatfcatSaa mutMtS 

SyndKtio ollgoaudeoddes encoding dw nalaria drcumsporoniiie (CS) potein 
30 repeating sequooePNANPNANPNAweie inserted into nine of die mutated fa^ 
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10 



IS 



20 



2S 



30 



tt the unl^ FsA site lenentsd by the 12 nueleodde linker (Table 1). The leoombiiunts 
were If r fflW fft on colony inununoblots with 2 diffawnt moooclonl mtibodiea ^eofic for ihe 
inaefted nqiienee (Figure 4) as well as with OpiF-vedfic monoctooal antibodies to 
demoosoate ratentiaa of OprF (Table 2). Plasmid DNAs ftom the poattve clones woe 
extncted and digested with Spfd, which reoogniad a unique site geneiated by the epitope^ 
specifying sequence. Tbedcmgeof the plasmid DNA by 4«U thus fuitheroonfinned the 
piesence of the oalarial sequence in the mutated pRW3 derivative pbsmids. 

Table 2: ftfanocloiul aortbodlei diat can bt luadi to 
chanctcria ftision ami Insertion prodBds. 



Mdft ocio n al a n t i b odies 



MA7.1 
MA7-2 
MA7-3 
MA7-4 
MA7-S 

MA7-7 
MA7-8 
MA4-4 
BIAS'S 



Fpit^yf leoognued 
(Amino add positions) 



24-112 
198 - 275 
188-24S 
188 - 27S 
188-275 
198-240 
188 - 275 
176-187 
176 - 187 
300-320 



Suftoe localiation 



yes 

no 
yes 
yea 

y« 
yes 
yes 
yea 
yes 



The suffltoe exposun of the nalailal epitope was detected by indiiect 
inunuaofluoieaocat libelling. Cdb expressing the lecondrinant Optf with inserted roalatia 
epitopes (Ittte 3) wen incubated with a 100 fidd dilutioo of nwooclooal aadbody spedlie 
fiiv the nudaiial ^tope. After waging widi PBS, odla were incebated with a 20 Cdd 
dilutioooffiuoreaoeinisodUo^nate^oi^ngitedgeatanti-nouaelgO. The treated edls were 

examined under a Zeiss ndcioacope fitted with a condenser tat fhioresoeooe miooicopy and 
contaieiag a halogen tamp and suitable fitters ftr enissioo of fluorescein isoddocy^^ 
S25nm (Figure 7). The retention tor wrfkce-locidixed Optf epitopes wis demoostiafsd In 
similar indirect immunofluorescent labelling using OpiF vedfic nwQOdoaal antibodies. 
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Pxtliminuy experiments demoastmed that as a result of ins»tfcm of 
tnn^x>soo TnPhoA into the cprFgcMt stable {eoe fttsioiu could be isolated which pioduced 
protein fusioiu f alkaline phosphatase (a 47,000 mdecular w^t» 436 amino add protein) 
S attached to the first 1S3 amino adds of OprF or peptides of 19 and 20 amino ad 

to the first 180 or 204 amino adds respectively of OprF. Ttatfine, a 13S based pair 
oligonucleotide was syniheslxed and inserted intt> die uniipie Sail site (at amino add 188} of 
pRW3. This oligonucleotide (Tttle 3, pMB-CENfE) encoded 
cleavage site followed by & methioQine followed by the sequence for a 26 amino add 

10 bacteriocidal protein cooitiuct called CEME (a hytaiid of inse^ cecropin and be venom 
mditin) and translational stop sites in all three letdiag fnunes (ut. creatiqg a new construct 
according to formulas (2) and (3)). Expressionof this coottuct (Figure 9) (containing 41 
new C-tmnlnal animo adds fiised to QprF) was d e mo n st ra ted by immunoblotting of wiKde 
cell protdns using both a monodonal antibody vedfic for the amino terminus of 

15 (MA7-1) and a pdydonal antibody apedfio for CEME (Figure 6)' ftctor X deavaga 
site and the melhimine permit potential relief of the pq^ 
means* Subsecfuently, the sequence shown in Tdile 3 (ptasndds PAS^ 
inserted into Ae &tfl site of die cprPgeao. This pennlts bhmt-cnd Ugadon in all three 
readily fiama of the ()SprF gene (each using a separate restrkto in one 

20 of the duee cases, the alignment of die reading finme of any DNA fragment dooed into the 
sites. The source of these DNA fiagments cmdd indude genes of interest nmdomly cut with 
deoxyribooucleaae 1 in die presence tfMo?'*^ or by sonication (or when no genes of interest 
an known, landomly cut duomoeomal DNA)« 
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Tablt3t TbelnaeftwIsaiiiMiimaiidlnKitloaMcf tfldoiMi 
derlred from |AW3, Infhullin tht fiaioo protdn 
coMtmcl ^MECEME. PotMon 1 b tiie OprF 
tnuneripttoB lUut site* 



Clooes 




iiuenioni 


PRW301 


OACCTQCAOGTC 


135 


pRW302 


QACCnSCAOGTC 


206 


PRW303 


GACCTOCAOOTC 


236 


PRW305 


QACCTCCAGGTC 


S21 


PRW306 


OACCTOCAOQTC 


S34 


pRW307 


OACXntjCAQGTC 


694 


pRW308 


OACCTCCAGCTC 


716 


pR\V309 


GACCTOCAGOTC 


768 


pRWJlU 


\I w A VIWA WW • V 


775 




VI/\vArf 1 WVJ a V« 


822 




w A V W 4 U^AWW • w 


997 




G ACCTGC A nufCTTL QQfTC 


135 


PRW302M.1 


GACCrcCA (MEIF) GOTC 


206 


pRW3a2M.2 


OACXrrCCA (MEIF), QQTC 


206 


PRW303M 


OACCTOCA (MEIB) OGTC 


2S6 


pRW3QSM 


OACCTGCA (MEIF, MEIB) GOTC 


521 


PRW306M 


GACCTGCA (ME2P, ME2B) OGTC 


534 


pRWSOTM 


OACCTOCA (MEIB. MEIF. MEIF) 
GOTC 


694 


pRW308M 


OACCTGCA (MSIF) OGTC 


716 


pRW309M 


OACCTGCA (MEIF)| OQTC 


768 


pRWSllM 


GACCTGCA (MB2F)m G<JrC 


822 


PRW312M 


OACCTGCA (MB2F)| OOTC 


997 



oonbnuod 
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nUe 3 (Cooiinoed) 



CkMKS 


lowned Sequmoes^ 


Nucteoiide 
potttioQsof 
insertions 


pASl 
pAS2 

pMB-CEME 


OACCTGCAGQCCTGrCOCOATATCC 
TGCAOQTC 

OACCTGCAGGATATCOCOACAGGC 
CTCCAGGTC 

COTCOACATCOAAOGTCGTOCATGC 

QaOOATCCGCATATOAAATGGAAA 

CTGTrCAAOAAGATCOOCATCOGCG 

CXX3TCAAAGTGCTGACCACC0GTCT 

OCCGOGGCrCAOCrAACTAAGTAAG 

CTTOTCOAC 


206 
206 
694 



' ScQueoctt lAtatfid are: 

MElFCXXjAACGCCAACCX:GAACOCCAACCCACGCCCXJGGCAT 

10 GCA: MEUMte nvoae of MEIF; 

MB2FACCCOAACOCCAACXX»AAC0CCAACCCGAACGCAT0C 

A; liIE2B-ilie levene of ME2F. 

MEIF oooevoods to tbe nulirial epitope ae^Kcce in ibeGPAGP 
leading ftane (T)id>le 1) in the oonect orieotition. 
15 MEIB amwp oads to the malarial qritope wqueiioe in the OPAOT 

reading fitime (nble 1) in die revcne orientatioii. 
ME2F cone^oads to the inatadfli qteipe lequenoe ia die TCRS 

reading fiame (TMt 1} in tin correct orientatioa. 
ME2B com^ooda to dM naiarial epitope MQuenoe in die TCRS 
20 reading fiame CHMe 1) in the levcne oieatatioo. 

The iaveadcadeaeribed bne it a pioeen by «^ antigBoic regions 
(^topes), vrfddi are found in a padiogaaio oiganiim and viiieh can be 
for tailing protecove antibodies in humans* can be expreued on die suffiM of an 01^ 

25 ineaibnnepioldnOpiF. IteQttiaconqwiKiitofd^ 

(Fig. 1. Table 1) each c offc»'"fag an engineered cloned opiF ^ae for die Psaidmmas 
aerugiwa taMjOt outer membzane pratdn OprF into which hu been inaexted a 12 nucleotide 
linlw regioe at a diflM lite of die OpcF gene for each of die 11 plasfldds Cnble 1). 
Inwrtion of die 4 extn amiiio adds encoded by these Unlm idU pemdt pcodocdM 

30 io£: cottQ^. 9 and inchisioo of a oniQuelMrestdctiaa lite wltfdn die linker region 
pannits eidKr die huertoe Of lyndiedodlgOQueieotidBS encoding ipedfle epitope 3. 
Tabto 1) or the potendil fottoo of iaiger tfivapu to the OisF amino tenninal-cocoding 
portion of die gene prior to die iMBtB. leduiiflnof a malarial epitope (PNANPNANFNA) 
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at all 9 of the Sites tested (Tttle 1), tad its expression on the surfine of £. coll containing 
the 9 ptasnddi with insetted epitopes in such t fbnn that it reacts with 2 malaria-^fic 
nK»octonalintiT)odies,demonsti«e» the potent In additioo, all phsmidj 

except piasmld 307 have an addiiiooal unique site. Results with inwtions into thU So/l 
site On Plttmid 30^; 1) show that this site can also be utilized for Insertion of epitopes 
giving 10 of the irfasroids die potential fwMoniitaneottsinseitiai of 2 Stapes. Furthennwe 
d>U Sirfl lite has been demonstrated to be capable of acting as a receptor site fiw fu^^ 
DNA sequence encoding at kast 41 amino adds to the region coding for the first 188 
addsofOpiF. The data further show that OpfF can be expressed in both ?. aefHjfiKKa and 
£ colt, giving this system great potential in live vaccine therapy. 

All publications and patent appticatioos mentiooed in diis specification are 
imliative of the levd of skiU of those skilled in the art to which tfusinventk^ AD 
publicaiionj and |«ent applications are herein incorporated by reffer^ 
as if each individual publication or paietJt appUcaiion was 

IS faidiGated to be incorporated by refisrenee. 

The invention now being fuUy described, U wlU be apparent to one of ordinary 

jkin in the art dm many dianges and modificaiioos can be made fliereto without depK^ 
ftom U» spirit or scope of the appended daims. 
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WHAT fjg rLATMED IS- 

L A vaccine comprising in effective aim>unt of bacterial cells consisting 
essentially of ceUs expressing on their surface one or more antigois heterologous to said 
ceils. 

5 

2. The vaccine according to Claim 1* wherein said vaccine is a live vaccine. 

3. The vaccine according to Claim 1, wherein said t>acterial cells are giam 
n^ative bacterial cells. 

10 

4. The vaccine according u> Claim 3, wherein said gram negative bacterial cells 
are selected from the group consi^g of EsckericUa coU and Psiudomonas aerugiMsa. 

5. The vaccine according to Claim 1, \^)erein said andgen is obtainable from a 
IS disease causing organism. 

6. The vaccine ^cording to Claim 5, wherein said disease causing organism is 
malaria parasite* 

20 7. A method of immunizing a mammal comprising: 

the ttep of adminittering an effiecdve amount of bacterial cells consisting essentially 
of cells expressing on their sur&oe one more antigens heterologous to said cells. 

8. A nMhod of producing an improved vaccine comprising: 

23 tbe^step of growing a culnire of bacterial cells condsting essentially of cdls 

transformed k> express on their sur&ce one or more antigens heterologous to said cells. 

9. A ONA sequence encoding an amino acid sequence rqmsented by a formula 
selected from the group consisting of: 

30 (I) P.N-Rt-X-R,^,. (2) P-NrR,, ^ (3) P-NrR,-C, 

wherein in (1), P rcpresenU a DNA sequence which provides for efficient initiation of 
transcription in a host bacterium, N represents the coding sequence for the N-tenniiud 
portion of an outer membrane protein and contains a bacterial leader sequence for processing 
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ud translocation, R, and repitsem restriction sites for insertion of up to about 207 
nudeoddes encoding an oligopeptide f inters and the number of restriction sites is about 1 
to 4 at Rt Of Rj, X represents d^ central portion of the outer tnembrane protein, and C 
represoiu die C tenninal portion of the outer membruie {ffotein; and 
S wherein In (2) and (3). S^ represents the coding sequence for the N-tenninus of outef 
membrane protein OprF and is charaoerized as providing for expression of a sufificient 
amount of a consecutive sequence of amino adds from die N-terminus to permit expression 
of a peptide fused at R| to be expr^sed on the surface of dm outer membrane protein, as 
well as providing the coding sequence for a bacterial leader sequence to permit processing 
10 and translocation to the outer membrane* C| rq)resents dther an actual OprF caxboxy 

terminus or a synthetic carboxy terminus having substantially the sequence of a native OprF 
carboxy terminus, P and R| have the meaning as described above under (1). 

10. The DNA sequence according to Claim 9, wherein said bacterial outer 
IS membrane protein is selected from the group consisting of OprF and homologs of OprF. 

U. A plasmid comprising the DNA sequence acconOag to Oaim 9 under control 
of a promoter functiofol in gram negative bacteria. 

20 12. The plasmid acconling to Qaim 11» wherein said promoter is a regulatable 

promoter. 

13. The plasmid according to Oaim 12, whodn an qatope of interest is inserted 
in cme or more of said linker regions. 

25 

14. The plasmid according to Claim 13, wherein said epitope of interest is a 
malarial cfpitope. 

15. The plasmid accmling to Claim 14, wherdn said malarial qritope is 
30 PNANPNANPNA. 

16. Gram negadve bacteria which are transformed with a plasmid according to 11. 
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17. Gram negative bacierii acconlint (o Claim 16, wherein said bacteria aie 
selected from the group conusting of Eahertchic coli and Puudomonas aeruginosa. 

18. The plasmid aooording to Chum 12i wheron a protein or peptide of interest is 
S inserted in one of said linko* regioia to provide a fusion protein comprisiAg an N«terminus of 

at least IS3 amino acids of the outer membrane protein fused to a C«terminus compxishg 
said protein or pqHide of interest. 

19. The plasmid according to Claim 18, wherein said protein or peptide of interest 
10 is a cmstruct comprising a foctor X-cieavage site fused to a ntethionine residue fused to 

oecn^tn-melltin hybrid sequence. 

20. The plasmid according to Claim 18, wherein said protein or pqmde of interest 
has an amino add sequence substantially as follows: 

15 lEGRACGDPHMlCWKLFKiaGIGAVUCVLTIXiI^ 

21. A meduxl for imducing a mutant gram negative bacterial strain expresui^ a 
heterologous antigenic sequence on the cell surfiioc« said method comprising the stq» of: 

transforming a gram native bamial strain with a plasmid conqmsing a 
20 ONA sequence according to Claim 9 into winch sequence one or more heterologous 

nucleotide sequences encoding antigmic sequence(s) have been inserted to obtain a 
transformed cells; 

selecting by means of a marker gene in said plasmid said txansformed odls; 
isolating cells which express said antigenic sequenoe(s) on their surface firom 
25 among said transformed cells, whereby a mutant strain b obtained. 

22. A Fsiwbnmas aeruginosa strain prqared according to the mediod of 
Claim 18. 

23. Plasmid pRW3. 




FIG. 1 
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